e paper describes the physicochemical studies made on the decorative plant, Rudbeckia triloba (Asteraceae). For this purpose, essential oil, infusion, decoction, and hydroalcoholic macerate obtained from di erent aerial parts of Rudbeckia triloba were analyzed. e main phytochemical constituents identi ed by GC-MS analysis were found to be α-pinene (in dried leaves (46.0%) and owers (40.1%)) and β-phellandrene (in essential oil of dried in orescences (26.09%)). e Folin-Ciocalteu and quercetin assays revealed di erent values of total phenolic and avonoid contents of petals, leaves, and seeds as a function of the solvent used and extraction procedure. e hydroalcoholic macerate of petals was found to present the maximum phenolic and avonoid contents (130.29 ± 5.58 mg gallic acid equivalent/g dry vegetable material and 30.72 ± 1.35 mg quercetin equivalent/g dry vegetable material, resp.) and also exhibits the lower value of EC50 (0.32% (v/v)), obtained by applying the DPPH· assay. Comparing the extraction methods applied, the maceration was found to be the most e ective for phenolic compounds, most likely due to the solvent (70% ethanol). e use of water-alcohol mixture leads to an improvement of the extraction yield of phenolic compounds (including those with higher molecular weights) than by using water as extractive solvent, in the case of infusions and decocts.
Introduction
For centuries, herb plants are used as a source of medicine. World Health Organization (WHO) reports that the world's population resort to folk medicine for their primary healthcare needs [1] . In this context, natural products, such as plant extracts, either as pure compounds or as standardized extracts, provide unlimited opportunities for new drug discoveries [2] . Also, vegetable materials are used from ancient time as source of avoring, beverages, fragrances, and cosmetics products. is is because the plant materials have unique properties to synthesize biologically active compounds resulted as metabolites from their so-called secondary metabolism [3] . Between the four major classes of bioactive secondary metabolites (terpenes, phenolics, glycosides, and alkaloids), the phenolic compounds (derived from secondary metabolism of the aromatic amino acids) have antioxidant, anticarcinogenic, and antimutagenic activities, being of particular importance for human health [4] . ey are also known to decrease cardiovascular risks [5] . Epidemiological studies demonstrated the ability of plant polyphenols to o er protection against development of cancers, cardiovascular diseases, diabetes, osteoporosis, and neurodegenerative diseases [6] . e phenolic groups in polyphenols accept an electron to form relatively stable phenoxyl radicals, disrupting chain oxidation reactions in cellular components [7] . Phenolics represent a large variety of compounds such as simple phenols, phenolic acids, coumarins, avonoids, stilbenes, hydrolysable and condensed tannins, lignans, and lignins [8] . It should be noted that avonoids represent one of the most important natural phenols. Another important class of compounds occurring in plant materials is represented by terpenoids, which play an essential role in development of living systems. Most of them are volatile substances and are generally present in the essential oil obtained by extractive methods.
Not just perennial but also cultured plants are studied in terms of their pharmacological properties. Between cultured plants, the decorative species of Rudbeckia are present in particular or public gardens. Native to North America, Rudbeckia is a owering plant of the family Asteraceae, found in 25 di erent perennial, annual, or biennial species.
e most common varieties of this plant are Rudbeckia fulgida, Rudbeckia hirta, Rudbeckia laciniata, or Rudbeckia triloba. is last one was reported in Austria in the 1970s, while in Romania, it has been encountered for the rst time in Maramures and Neamt counties [9] .
Few studies on biochemical properties of Rudbeckia varieties are reported [10] . us, leaf essential oils from three herbaceous members of the Asteraceae family, Rudbeckia fulgida, Rudbeckia hirta, and Symphyotrichum novaeangliae, were obtained by hydrodistillation and analysed by gas chromatography-mass spectrometry.
e main components in the essential oil of Rudbeckia fulgida were found to be the sesquiterpene hydrocarbons (germacrene D (30.1%) and δ-cadinene (17.8%)); similar composition was reported in the case of leaf oil of Rudbeckia hirta, with 23.6% germacrene D and 16.2% δ-cadinene. e leaf oils of these extracts were found to be inactive for antimicrobial activity [11] . Another study reports the chemical composition, minerals, and antioxidative e ect of Rudbeckia laciniata [12] . General component of Rudbeckia laciniata is crude protein.
e highest content of minerals is potassium, followed by calcium and magnesium, suggesting that Rudbeckia laciniata was alkaline material. e content of total phenolic and avonoid compounds and DPPH· radical scavenging activity of Rudbeckia laciniata were also reported.
e chemical pro le of Rudbeckia hirta was established by thin-layer chromatography (TLC) technique and by means of the total content of polyphenols [13] . As about the therapeutic actions of the species of the genus Rudbeckia, they are relatively varied. e active compounds or extracts of these plants exhibit anti-in ammatory e ects (Rudbeckia hirta) [14, 15] , antimycobacterial (Rudbeckia subtomentosa) [16] , antileukemic (Rudbeckia mollis) [17] , antitussive (Rudbeckia fulgida) [18] , antioxidant, antibacterial, antiviral, antifungal, and cytotoxic activities (Rudbeckia laciniata) [19] .
To the best of our knowledge, no study has reported in literature on the chemical composition and antioxidant activity of Rudbeckia triloba. In this paper, di erent aerial parts of the Rudbeckia triloba were used to obtain essential oil, infusion, decoct, and hydroalcoholic macerate. e solid plant materials (dried leaves and in orescences), the essential oil of dried in orescences, and the obtained aqueous or hydroalcoholic extracts from dried petals, leaves, and seeds were characterized by chromatographic or/and spectrophotometric methods. e plant was authenticated at the Bucharest Botanical Garden, where the voucher specimen was deposited (406406/30.03.2017). After collection, the plant material was separated into its principal aerial components: inorescences, petals, leaves, and seeds which were washed thoroughly with water to remove dust. en, the vegetable materials were let aside to dry at room temperature. e dried components of the plant were cut into small pieces and kept in paper bags until further experiments.
Experimental

Preparation of Plant Extracts.
Infusion, decoction, and maceration were applied on three aerial parts of the plant, namely, petals, seeds, and leaves. Before infusion and decoction, the weighed amount of dry vegetable material (1 g) was soaked with a small volume of cold bidistilled water and left aside for 10 min. is preliminary procedure allows the plant cells to expand and thus to release their active ingredients when preparing the infusion or decoction. e infusion was prepared by adding 50 mL of bidistilled boiled water to the wet vegetable material. e mixture was covered with a watch glass, left to stand for 15 minutes. e decoction was made by boiling the wet plant material with 50 mL of water for 10 min. After that, the mixture was left aside for 15 min. e hydroalcoholic extract was prepared by macerating 0.5 g of the vegetable material in 50 mL of 70% ethanol for 7 days, in dark, at ambient temperature. en, each plant extract was ltered through a lter paper. e ltrate was quantitatively transferred to a 100 mL volumetric ask and brought to the mark with bidistilled water (in the case of infusion and decoct) and with 70% ethanol (in the case of macerate), to obtain the diluted extracts. Parts of the obtained ltrate extracts were stored at −45°C for further analyses. e essential oil was isolated from dried in orescences, by hydrodistillation in a Clevenger-type apparatus, for 4 h, using a standard procedure [20] . e essential oil was dried on anhydrous Na 2 SO 4 and stored at +4°C. e quantity of essential oil from plant was expressed in percentage (v/w), as an average of the values obtained from ve extractions.
Preparation of Analytical Reagent Solutions.
A 500 μg/mL stock solution of gallic acid (GA) was prepared by dissolving 0.0125 g GA in distilled water, brought to 25 mL in a volumetric ask. A working solution of 50 μg GA/mL was obtained by dilution from the stock solution. A stock quercetin (Q) solution of 1 mg/mL was prepared by dissolving 0.0250 g Q in 96% ethanol and brought to 25 mL in a volumetric ask. A working solution of 100 μg Q/mL was obtained from the stock solution, by dilution with 96% ethanol. A 0.05% ethanolic solution of DPPH· was prepared just before use.
GC-MS Analysis.
e GC-MS analyses were carried out with a ermo Electron system (Focus GC chromatograph coupled with a Polaris Q ion trap mass detector). A DB-5MS capillary column (25 m × 0.25 mm; 0.25 μm of lm thickness) was used with helium as carrier gas (1 mL/min). GC oven was programmed at an initial temperature of 60°C for 3 min. e temperature was increased up to 200°C at the rate of 10°C/min, kept constant for 2 min, and then increased up to 240°C at the rate of 12°C/min and held at 240°C for 2 min [21] . Both injector and detector temperatures were 250°C.
e electronic impact ionization mode was 70 eV, and the detection was performed in the range of 35-300 amu (full scan mode).
e identi cation of the components was carried out using Xcalibur ® software, NIST Mass Spectral Library, and MS literature data. Retention indices (RIs) of the compounds were determined relative to the retention times of n-alkanes standard solution for GC (C8-C20).
Relative percent of individual components was calculated based on the GC peak areas without the use of correction factors. For GC-MS analysis, the hydrodistilled essential oil was diluted in hexane (1 : 100) and 1 µL was injected. A Triplus HS Autosampler ( ermo Electron) was used for headspace analysis, an amount of 1 g of in orescences or leaves being introduced in a sample vial (20 mL size) and sealed with silicone rubber septum and aluminium cap. e headspace vial containing the plant material was heated to 80°C for 10 min, and 500 μL of the headspace gas was injected into the column. e GC-MS analysis was performed in the same way as for essential oils.
Determination of Total Phenolic Content (TPC).
All absorbance measurements were made on a UV-Vis spectrometer (Jasco V-530, Jasco, Japan), equipped with quartz cells (1 cm light path length). e spectrophotometric Folin-Ciocalteu (F-C) assay [22] was used to determine the total polyphenolic content. Aliquots (0.1-0.5 mL) of the working gallic acid solution (50 μg/mL) were put into a series of 5 mL-calibrated asks.
en, 2.5 mL of 10% the Folin-Ciocalteu reagent was added. e mixtures were incubated in darkness for 5 min. en, 2 mL of 7.8% sodium carbonate solution was added to each sample, and the total volumes were brought to 5 mL with distilled water. After homogenization, the mixtures were incubated in darkness for 30 min before measuring absorbance at 760 nm against blank solution (obtained without adding gallic acid). A standard calibration curve was prepared in the concentration range of 1-5 μg/mL gallic acid. For determination of the total phenolic content in the extracts, an aliquot of each diluted extract was used instead of gallic acid, and the F-C procedure was applied. e total phenolic content was calculated in terms of gallic acid equivalents per gram of dry vegetable material (mg GAE/g), by applying the regression equation of the calibration curve A 0.0968C GA + 0.0197 with R 2 0.9998, where A is the absorbance and C GA is the concentration of gallic acid solution (μg/mL). e spectrophotometric measurements for each sample were made in triplicate.
Determination of Total Flavonoid Content (TFC).
e avonoid content was determined spectrophotometrically, on the basis of Al(III)-avonoid complexes formation. Quercetin was used as the standard avonoid, and the cited procedure was applied with little modi cation [23] . Aliquots (0.1-0.5 mL) of the working quercetin solution (100 μg/mL) or diluted extract samples and ethanol (up to 2 mL alcoholic mixture) were introduced in a series of 5 mL-calibrated asks. Subsequently, 0.1 mL of 10% aluminum chloride, 0.1 mL of 1M potassium acetate solutions, and water were added to each sample to make the total volume of 5 mL. e mixtures were homogenized and left aside for 30 min at room temperature. en, the absorbance was measured at 427 nm against reagent blank (for each sample, a blank mixture was prepared, without adding AlCl 3 ).
e total avonoid content of the vegetable materials was calculated in terms of quercetin equivalents per gram of dry vegetable material (mg QE/g), by applying the regression equation of the calibration curve A 0.0652C Q + 0.0804 with R 2 0.9992, where C Q is the concentration of quercetin solution (μg/mL).
e spectrophotometric measurements for each sample were made in triplicate.
DPPH· Radical Scavenging Assay.
e DPPH· free radical scavenging activity of the obtained herbal extracts was determined according to Shimada et al. with slight modi cation [24] . Aliquots of ltrate extracts (0.01-0.3 mL) were mixed with ethanol up to 1.9 mL. en, 0.1 mL of 0.05% ethanolic solution of DPPH· was added to each sample up to a total volume of 2 mL. A standard solution containing 0.1 mL of 0.05% DPPH· and 1.9 mL ethanol was also prepared. e mixtures were homogenized and kept in darkness for 30 min, at room temperature. en, absorbance measurements were made at 517 nm against reagent blank (for each sample, a blank mixture was prepared without adding DPPH·). e DPPH· solution was freshly prepared and kept in a refrigerator until used. EC50 value was obtained by plotting the absorbance at 517 nm versus concentration of extract solutions. e concentration (%, v/v) of the sample solution that decreases the initial absorbance of DPPH· by 50% represents EC50.
Results and Discussion
Essential Oil Yield.
e average content in the essential oil of Rudbeckia triloba in orescences was 0.300% (mL essential oil/100 g plant). e essential oil was light yellow with a speci c odour. 
Results of GC-MS Analysis.
e GC-MS analysis revealed that the number of volatile components of the hydrodistilled essential oil of in orescences was different from that of the dry plant material (leaves and inorescences) undergoing headspace extraction. Table 1 shows the relative content of volatile compounds from leaves, in orescences, and essential oil of in orescences of Rudbeckia triloba growing in Romania, expressed as percentage from the total area. us, using headspace, twenty-two compounds were identi ed in leaves accounting for 99.0% of the total identi ed components, with α-pinene (46.0%), β-phellandrene (24.6%), sabinene (9.6%), and germacrene D (6.1%) as the main components.
e owers of Rudbeckia triloba contained thirty-three components (98.6%), with the same principal constituents, but in di erent percentages: α-pinene (40.1%), germacrene D (24.0%), β-phellandrene (13.9%), and sabinene (9.7%). e total number of identi ed components of the essential oil of in orescences was forty-one, representing 95.9% of total areas. e same components were the main volatile compounds of the essential oil, with β-phellandrene (26.09%), germacrene D (21.6%), α-pinene (16.3%), and sabinene (12.0%).
On the basis of the GC-MS analysis, one can conclude that Rudbeckia triloba is an important source of α-pinene.
is hydrocarbon monoterpene is known to possess anxiolytic and sedative properties [25] . It also acts as a bronchodilator. It was reported that this terpene has the property to reduce the size of cancerous tumors [26] .
Total Phenolic and Flavonoid Contents.
e major part of the reported studies concluded that polyphenols ( avonoids being the largest family of polyphenolic compounds) are the principal compounds responsible for the antioxidant activity of the tested plant extracts [27] . Table 2 presents the TPC and TFC of the obtained extracts (infusion, decoct, and hydroalcoholic macerate of di erent aerial parts of Rudbeckia triloba).
e maximum TPC and TFC values were obtained by maceration of the vegetable materials followed by decoction and infusion. All extraction procedures showed maximum values of TPC and TFC in petals. A comparison between infusion and decoction shows that decoction is more ecient than infusion in polyphenol extraction. is behavior could be explained as follows. Both infusion and decoction are thermal procedures suitable for extracting heat-stable compounds leading to di erences in the total phenolic content of decoct and infusion. e higher concentration of the total phenolic content in decoct than in infusion, obtained by heating the water-vegetable mixture for a long time (15 min), could be explained as follows: breakdown of cellular constituents as well as hydrolysis of tannins takes place.
e degradation of complex phenolic tannins as well as the enzymatic or nonenzymatic oxidation process leads to supplementary content of phenolic compounds in decoct. At the same time, during the decoction, the Maillard reaction takes place, producing new phenolic compounds [28] . Also, comparing the three applied procedures of extraction (infusion, decoction, and maceration), maceration seems to be more e cient than infusion and decoction for extracting polyphenols (70% ethanol was chosen for maceration, being the most used solvent for extracting phenolic compounds from plants). is behavior could be caused by possible complex formation of some phenolic compounds, possessing more phenol groups or having higher molecular heights than the phenolic in water.
ese compounds seem to be soluble in hydroalcoholic extract. Also, the content of more nonphenol compounds, such as terpene, organic acids, sugars, and soluble proteins, in infusion than in macerate could interfere in the TPC assay. It may also be caused by the possible complex formation of some phenolic compounds in the macerate extract that are soluble in ethanol-water mixture. ese phenolic compounds may possess more phenol groups or may have higher molecular weights than the phenolics in the water extract [23] . As reported, a water-alcohol mixture used in the extraction procedure leads to an increase in swelling of the plant materials, assuring an intimate contact between the plant matrix and the solvent and consequently the improvement of the extraction yield [29] . In addition, the plant materials contain a large variety of phenolic compounds having different numbers of phenolic groups with di erent reactivities towards the Folin-Ciocalteu reagent [30] .
As about avonoids, from the data reported in the literature, the major assays for the total avonoids content determination are generally based of the absorbance of Al(III)-avonoids compounds [31] [32] [33] [34] . e di erence between the two mostly applied spectrophotometric methods is the reaction medium: (a) in the presence of NaNO 2 , in alkaline medium and (b) in the presence of CH 3 COOK or CH 3 COONH 4 (without nitrite). In our work, the spectrophotometric method in the absence of nitrite was used.
is last one method can be only used to determine the content of avonols (quercetin, rutin, kaempferol, and morin) and luteolin (from avones family) [35] . As about correlation between TPC and TFC, it was found to be signi cant in the case of infusion and maceration (Table 3) . On the basis of literature data, such a correlation indicates that avonoids represent an important part of the phenols in plant extracts [23] .
e results in Table 2 show that infusions and macerates obtained from petals and leaves seem to contain signi cant percents of avonoids.
Free Radical Scavenging Activity.
As mentioned, polyphenolic and avonoid compounds are considered to have signi cant antioxidant properties mainly due to their important content in hydroxyl groups. ese substances are able to act as radical scavengers because phenolic hydroxyl groups are good H-donating antioxidants, which scavenge reactive oxygen species and stop the production of new radicals. e stable DPPH· radical is often used to assess the radical scavenging activity of many biological active compounds. DPPH· has the property to accept an electron from an antioxidant.
is redox reaction leads to the decrease of the violet color of the DPPH· radical.
e total reaction antioxidant-DPPH· leads to a yellow-colored solution. A low EC50 value denotes a high scavenging activity. As observed in Table 4 , the extracts obtained from petals present the lowest values of EC50 with a minimum in the case of macerate extract. As about relationship between EC50 and TPC values, generally, negatively linear correlations are reported in literature. But, there is not always a linear correlation between these two analytical parameters. In our study, negative linear correlations were obtained in the case of infusions and macerate extracts (Table 5 ). Cheynier et al. assumed that besides the radical scavenging, the antioxidant activities could also be attributed to other di erent mechanisms such as binding of transition metal ion catalysts or decomposition of peroxides [36] . At the same time, the radical scavenging activity of polyphenols depends on their molecular structure, respectively, on the availability of phenolic hydrogen and the possibility of stabilization of the resulting HO and NO radicals via hydrogen donation [37] .
Conclusion
e obtained results on Rudbeckia triloba extracts indicate signi cant antioxidant activity, especially of macerate of petals (resulted by applying Folin-Ciocalteu, total avonoids, and DPPH· assays). Also, leaves, in orescences, and the in orescences' essential oil of Rudbeckia triloba were found to be rich in monoterpene hydrocarbons (especially, α-pinene in leaves and in orescences and β-phellandrene and germacrene D, in in orescence essential oil). Further studies will complete the characterization of Rudbeckia triloba. ey will be focused both on the complete analysis of the composition of the aqueous and hydroalcoholic Rudbeckia triloba extracts and on their biochemical characterization.
